We evaluated whether the excluded stomach (es) after Roux-en-Y gastric bypass (RYGB) can represent a premalignant environment. twenty obese women were prospectively submitted to double-balloon enteroscopy (DBE) with gastric juice and biopsy collection, before and 3 months after RYGB. We then evaluated morphological and molecular changes by combining endoscopic and histopathological analyses with an integrated untargeted metabolomics and transcriptomics multiplatform. Preoperatively, 16 women already presented with gastric histopathological alterations and an increased pH (≥4.0). These gastric abnormalities worsened after RYGB. A 90-fold increase in the concentration of bile acids was found in ES fluid, which also contained other metabolites commonly found in the intestinal environment, urine, and faeces. In addition, 135 genes were differentially expressed in es tissue. Combined analysis of metabolic and gene expression data suggested that RYGB promoted activation of biological processes involved in local inflammation, bacteria overgrowth, and cell proliferation sustained by genes involved in carcinogenesis. Accumulated fluid in the ES appears to behave as a potential premalignant environment due to worsening inflammation and changing gene expression patterns that are favorable to the development of cancer. Considering that es may remain for the rest of the patient's life, long-term es monitoring is therefore recommended for patients undergoing RYGB.
Bariatric surgeries, such as Roux-en-Y gastric by-pass (RYGB), are increasingly being performed to aid weight loss and favor metabolic effects, particularly in obese patients with type 2 diabetes (T2D) 1 . RYGB reduces gastric volume by defining a small proximal gastric pouch and excluding the remaining stomach (which is known as the excluded stomach [ES]) from the gastrointestinal tract, thereby making it a hard-to-reach 'blind loop' 2 . The bypassed ES, remains in the patient's body for life.
ES may harbour duodenal bile reflux following RYGB, and its accumulation has been associated with gastritis, intestinal metaplasia, and some rare cases of cancer [2] [3] [4] [5] [6] [7] [8] [9] . In this scenario, duodenal bile reflux can be related to cancer risk as persistent alkaline reflux is accepted as a cause of gastric stump cancer due to Billroth II sub-total gastrectomy 8,9 . to validate certain genes of interest which are potentially involved in carcinogenesis. We did this by using TaqMan gene expression assays (Thermo Fisher Scientific, Waltam, MA). β-actin was used as a reference gene. statistical analysis. R software (version 3.1.3, 2015; R Core Team, Vienna, Austria) was used to report descriptive data as median (minimum-maximum). Pre-and postoperative data were compared using the nonparametric Mann-Whitney test.
For metabolomics data, we performed multivariate statistical analyses using Principal Component Analysis (PCA) and Partial Least Squares Discriminant Analysis (PLS-DA) models in SIMCA P+ software (12. For tissue gene expression, the non-parametric Rank Products (RP) method was used to select Differentially Expressed Genes (DEGs), following a paired analysis design, p value < 0.05, and correction by False Discovery Rate (FDR). DEGs were analyzed using DAVID software (https://david.ncifcrf.gov) to identify biological processes and signal pathways potentially altered in ES and IPA (QIAGENInc; https://www.qiagenbioinformatics. com/products/ingenuitypathwayanakysis) to assess canonical pathways, networks and predictive regulatory networks 13 .
For all analyses, p-values < 0.05 were considered to be statistically significant. When a minimum sample was applied (n = 6 for gene expression; see Results section), the power of the study was >80% to detect differences in gene expression with an effect size ≥1. 35 -times the standard deviation (SD) of the difference.
Results
Sample descriptive data and flowchart. Main anthropometric and metabolic data are provided in Table 1 . After 3 months of RYGB, all patients (mean age: 46.9 ± 6.2 years) experienced a significant reduction in body weight, body mass index (BMI), fasting blood glucose, and glycated haemoglobin values, as compared to the preoperative period.
Some surgical anatomical changes (intracavitary adhesions, fixed angulations, stomach stenosis, and extrinsic compression), along with increased peristalsis after intravenous sedation, precluded use of the enteroscopic device in the ES of 10 patients postoperatively. Furthermore, biopsy collection could not be safely performed in 4 of these 10 patients. Due to these complications, data from all samples (n = 20) were evaluated for macro and micro histological changes preoperatively. In order for each woman to serve as her own control, pH and molecular analyzes were performed only in those patients providing pre-and postoperative matching samples of ES juice obtained by successful enteroscopy (pH and metabolomics; n = 10) and those for which tissue had been successfully obtained by biopsy (transcriptomics; n = 6). Only 3 pre-and postoperative matching biopsies provided adequate RNA for microarray analysis, but target validation of gene expression was performed in all 6 samples. Supplementary Fig. S1 illustrates a flowchart of sample size for each of the studied variables.
Macroscopic findings in the gastric tissue. At the macroscopic level, only 30% and 20% of patients presented with normal gastric mucosa pre-and postoperatively, respectively. Most patients (65%) already presented with gastritis preoperatively, including some with pangastritis (Table 2) . Postoperatively, the incidence of gastritis remained high (80%) and progressed in intensity, with an almost 5-fold increased frequency of pangastritis. Furthermore, one case of intestinal metaplasia was observed and all patients presented with a green mucous fluid lake ( Table 2) .
Gastric fluid pH and metabolite profile. Eighty percent of patients (n = 10) presented with alkaline gastric fluid (pH ≥ 4.0) preoperatively ( Supplementary Table S1 ) with a distinct global metabolomics profile when compared between pre-and postoperative periods, as showed by both PCA (Supplementary Fig. S2 ) and PLS-DA ( Fig. 1 ) models. These distinct molecular patterns were more visible with GC-MS and LC-MS in positive mode platforms. Those metabolites with a higher contribution for group separation (periods) by PLS-DA are identified and highlighted in Fig. 2 .
Based on the exact mass, retention time, and isotopic distribution, we identified 90 metabolites with different alterations between the pre-and postoperative period. Some of these included those participating in bile acid metabolism, phosphatidic acid cycle, and toxic metabolite conjugation; metabolites found in the urine and faeces; www.nature.com/scientificreports www.nature.com/scientificreports/ microbial metabolites; inflammatory mediators; and endocannabinoids (Table 3 ). Enriched metabolic pathways are shown in Supplementary Fig. S3 .
Microscopic histology and transcriptomics in the gastric tissue.
At the microscopic level, representative histopathological findings included gastritis, atrophic gastritis, glandular dilatation, and intestinal metaplasia ( Fig. 3 ). Prior to RYGB, most patients already showed some grade of inflammation and mucosal atrophy with gastritis (Table 4 ). We also observed glandular dilatation and intestinal metaplasia foci (Table 4 ). Following surgery, inflammation and mucosal atrophy remained the most frequent histological change (Table 4 ), but the intensity of these alterations increased among patients with pre-and postoperative matching biopsies and one patient progressed with new intestinal metaplasia ( Table 5) .
Global microarray analysis identified 135 differentially expressed genes (DEGs) after RYGB (38 upregulated genes and 97 downregulated genes; p < 0.05). Based on these, functional enrichment, using the DAVID software internal data base, identified processes involved in inflammation and immune response to microorganisms as the main biological pathways increased in ES tissue after RYGB, representing 50% of the changes induced by surgery ( Table 6 ). Processes involved in increased cell proliferation and histone acetylation, necrosis, and apoptosis, together with those related to cell metabolism changes, represented 20% of the local postoperative metabolic alterations (Table 6) .
Accordingly, signaling pathways highlighted by the KEGG database as showing the most activation after RYGB also included those related to response to inflammation and microorganisms, together with pathways directly associated with cancer ( Supplementary Table S2 ).
IPA software identified the 24 most connected canonical pathways that were significantly changed in the ES tissue after RYGB. These also included pathways associated with inflammation, in response to bile and microorganisms, immune tolerance, and cancer development ( Fig. 4 ). Some DEGs involved directly or indirectly with the identified canonical pathways were validated by quantitative reverse transcription polymerase chain reaction (RT-qPCR, Supplementary Table S3 ). The analysis of gene interaction networks highlighted biological processes involved in infectious inflammation (gastroenteritis) and cancer development ( Fig. 5 ). Additional predictive analysis of regulatory genes showed that the activation of gastroenteritis by RYGB was independent of classical nuclear factor kappa B (NFkB) activation and tumor necrosis factor alpha (TNF-α) expression ( Fig. 6A ). Instead, the set of processes significantly altered after RYGB indicated activated epithelial cell death/necrosis processes, while cell repopulation or tissue regeneration occurred at the expense of changes in the expression of genes involved in carcinogenesis ( Fig. 6B ). Joint analysis, combining our transcriptomic data with the metabolomic data highlighted pathways involved in cancer development, inflammation, and immune response to microorganisms ( Fig. 7 ).
Discussion
In this study, we identified abnormal gastric histology in obese women that worsened after RYGB in parallel to an increased alkaline duodenal reflux into the ES, which was rich in bile acids (BA) and metabolites common to the intestinal environment (urine and faeces). Our molecular analyzes suggested the existence of a potential premalignant environment created by the fluid accumulating in the bypassed organ, which caused inflammation to worsen and promoted the expression of genes that may favor carcinogenesis in the long-term. Considering that the ES will remain for the rest of the patient's life, potentially for 30-50 years, this tissue needs to be monitored periodically.
Bile-rich duodenal reflux has previously been directly related to postoperative gastric mucosal damage 2,4,5,7,9 . Accordingly, our patients presented with a predominant increase of BA in the gastric fluid contained in the ES, including primary, secondary, conjugated, and sulphated BA. It is possible that the increased amounts of abdominal fat in obese women physically favors a light preoperative duodenal gastric reflux. The changes in gastrointestinal anatomy induced after RYGB appears to increase the intensity of this reflux and BA accumulation with more intense consequences on the normal architecture of the ES, regardless of body weight loss.
A typical example of the inflammatory potential of BA is cholestatic disease. This can be triggered by the lipophilic characteristics of BA, mainly conjugated, by promoting cell-membrane damage via activation of the Intestinal metaplasia 0 0 1 10
Mucous green lake ♯ 0 0 10 100 www.nature.com/scientificreports www.nature.com/scientificreports/ phospholipase A2 (PLA2) and interleukin 17 A (IL-17A) pathway 14 . PLA2 activation is involved in the production of the pro-inflammatory eicosanoid precursor arachidonic acid (AA) and lysophosphatidylcholine (LysoPC), while IL-17A favors inflammation by increasing neutrophil recruitment and proinflammatory cytokine synthesis through pathways independent of TNF-α and NFkB activation 14, 15 . In our study, we observed increased levels of AA and LysoPC in the ES along with IL-17A gene activation, suggesting that the accumulation of conjugated BA may have activated inflammatory pathways, contributing to the progression of tissue inflammatory alterations.
Complementary metabolic data supported the non-physiological accumulation of primary BA at the ES. In epithelial cells, primary BA promotes sulphation of accumulated bile by activating nuclear receptors such as the farnesoid X receptor (FXR), pregnane X receptor (PXR), vitamin D receptor (VDR), and peroxisome proliferator-activated receptor coativator 1 alpha (PPARGC1A). Sulphated BA are less toxic compounds than non-sulphated BA and is more suitable for faecal and urinary excretion 15 . We observed predictive activation of these nuclear receptors, together with increased sulphated BA, indicative of the activation of biological pathways which deal with toxic bile accumulation. It is worth noting that even sulphated BA may lose its protective role and become highly inflammatory when accumulated instead of excreted 16 .
In our study, some drugs and metabolites that use bile as the excretion route had also accumulated in the ES, as suggested by the increase in metabolites often found in the urine and faeces after RYGB [17] [18] [19] . Accumulation of these products may have clinically relevant consequences. The biliary enterohepatic cycle may result in 'false positive' systemic hepatic feedback, while non-excreted and accumulated metabolites may become co-participants of bile-induced tissue inflammation in the ES. www.nature.com/scientificreports www.nature.com/scientificreports/ On the other hand, some BA, mainly secondary BA, can exert anti-inflammatory effects by activating the G-protein coupled bile acid receptor 5 (TGR5). This receptor can reduce the production of pro-inflammatory cytokines (TNF-α, IL-1β and IL-6) induced by lipopolysaccharides (LPS) in neutrophils and macrophages via NFkB inhibition 20 . Moreover, TGR5 can activate endocannabinoid pathways and enhance their immunosuppressive action by the synthesis of stearoylethanolamide, a substrate of the cytochrome P450 family 2 subfamily C member 8 (CYP2C8) [21] [22] [23] [24] . However, TGR5 activation is associated with a certain immunological tolerance, which is modestly effective in reducing inflammation 21, 25 . In the present study, increased secondary BA and stearoylethanolamide in the gastric fluid, combined with the increased tissue expression of CYP2C8, are indicative of the activation of TGR5 in the ES. Consistent with this, levels of the IL-1β gene were significantly reduced and predictive gene analysis revealed that the inflammation observed in the ES occurred independently of TNF-α and NFκB (other TGR5 targets).
However, considering its immunosuppressive role, TGR5 may favor immunological tolerance and bacterial colonization, especially by bacteria involved in secondary BA synthesis 20, 21, 25 . In support of this hypothesis, we observed an increase in phosphatidic acid, a membrane lipid essential for bacterial immune tolerance that can be generated by the activation of TGR5 21 .
Other molecular markers of tolerance to microorganisms were altered in RYGB-ES, such as the olfactomedim 4 (OLFM4) gene and transmembrane 1 gene (SECTM1). The gastric increase of OLFM4 is related to H. pylori colonization by decreasing NFκB activity and inhibiting inflammation, while the reduced expression of SECTM1 may be considered as a potential marker of immunosuppressive response to constant exposure to LPS 26, 27 .
In tumors, increased OLFM4 expression is associated with differentiation, staging, metastasis, and poor prognosis, suggesting potential clinical value as a tumor marker in the early stages of carcinogenesis 26 . Changes in the expression of SECTM1 and OLFM4, as well as in the activity of TGR5, play a role in the immunological tolerance to cancer cells and the colonization of tissues by bacteria 26, 27 . We also found significantly reduced expression of radical S-adenosyl methionine domain containing 2 (RSAD2) and increased expression levels of protein tyrosine phosphatase, type S receptor (PTPRS) in ES tissue. Both genes encode proteins involved in virus-immune tolerance, suggesting immunological tolerance to the virus after RYGB 28, 29 .
Once in the tissue, microorganisms have an important impact on metabolism by complementing human enzymatic activities and promoting health or disease 30 www.nature.com/scientificreports www.nature.com/scientificreports/ resistant to the lipophilic characteristics of BA and can grow in environments with high concentrations of bile 31 . In the bile-enriched environment of the ES, a potentially higher amount of Gram-negative resistant bacteria could act on the primary BA to produce its secondary derivatives 20, 32 . Under anaerobic conditions, the predominant secondary BA formed is ursodeoxycholic. This, and its conjugated derivative, tauroursodeoxycholic (TUDCA), is hydrophilic, less toxic, and anti apoptotic 32, 33 . The increase of TUDCA, and decrease of ketolitocolic acid, observed by us in the ES points to a predominantly anaerobic environment and the participation of Gram-negative bacteria to control the toxicity of accumulated bile after the procedure.
Under such anaerobic conditions, microorganisms may synthesize vitamins and ferment undigested carbohydrates and amino acids derived from dietary or host-derived proteins to short-chain fatty acids (SCFAs), such as butyrate and propanoate, in order to supply energy and cholesterol and thus regulate lipid metabolism. Gases, such as hydrogen and carbon dioxide are consequences of fermentation. The removal of these gases allows Table 4 . Gastric microscopic histopathology of obese women before and 3 months after Roux en-Y gastric bypass. Intestinal  metaplasia   T0  T1  T0  T1  T0  T1 T0 T1 Table 6 . More prominent biological processes in the ES tissue after RYGB, according to the DAVID database. www.nature.com/scientificreports www.nature.com/scientificreports/ fermentation to continue. Specifically, methanogenesis uses hydrogen and carbon dioxide to produce methanol and transesterify fatty acids. This process is relevant for intestinal health by replacing the inflammatory characteristics of saturated fatty acids with anti-inflammatory functions [30] [31] [32] [33] [34] [35] [36] .
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In the present study, we observed increased metabolism and synthesis of vitamins, oxidation of SCFAs, and metabolism of propanoate as methyl palmitate and methyl stearate (transesterified lipids); these findings support the presence of anaerobic bacteria in the RYGB-ES. Similarly, the observed increase in tryptophanol, hydroxymethyl-cholestadienol, and cholesterol are indicative of proteolytic activity. Myxobacteria, a type of Gram-negative anaerobic bacteria, exclusively synthesize hydroxymethyl-cholestadienol into cholesterol from leucine 36 .
In particular, the typically low stomach pH values (pH 1-3) seem important for the appropriate production of mucin (MUC) which acts as a barrier for pathogenic bacteria and controls inflammation 37, 38 . We found a significant reduction of MUC17, GCNT3 (glucosaminyl (N-acetyl) transferase 3, mucin type) and B3GALT5 (beta-1,3-galactosyltransferase 5) expression following RYGB-ES; all of these factors are involved in the production of mucin [37] [38] [39] [40] [41] [42] . We also observed an increase of intellectin 1/omentin (ITLN1) expression, which is responsible for the mucosal secretion of galactose-linked lecithin that participates in the recognition of pathogenic bacteria 42 . ITLN-1 overexpression has been reported in intestinal metaplasia and may be a marker of intestinal-type gastric tumors 41 . In our study, mucin expression decreased following RYGB-ES, together with an increase in ITLN-1 and galactose metabolism, thereby favoring potential colonization by microorganisms.
Postoperative inflammation, the excessive growth of microorganisms, and the generation of reactive oxygen species (ROS), together with a reduction in mucin, are likely to act as aggressive factors in ES epithelial tissue, inducing cell death with subsequent signaling for repopulation. Notably, ITLN1 is predominantly expressed in the gut where it can stimulate epithelial cell survival through Akt activation; following RYGB-ES, we observed increased levels of ITLN but reduced levels of the mitogenic gastric cell factor GAST. Our molecular findings suggest that stress-induced tissue regeneration in ES may progress towards intestinal metaplasia, and be considered as a pre-tumor lesion 41, 42 .
Successful stress-induced regeneration depends on cell proliferation. In our study, the increased expression of insulin-like growth factor 1 receptor (IGF1R), insulin-like growth factor binding protein 5 (IGFBP5), glypican-3 (GPC3), and cyclin dependent kinase 6 (CDK6), together with a decrease in serpin family B (SERPINB) 5 and 7 suggest that the RYGB-ES cells are proliferating and that the tissue extracellular matrix is remodeling to accommodate new cells. In breast and stomach cancers, the increased expression of IGF1R, GPC3, and IGFBP5 genes is www.nature.com/scientificreports www.nature.com/scientificreports/ associated with tumor progression and metastasis [43] [44] [45] [46] . Moreover, extracellular matrix remodeling occurs when the expression of SERPINB5 and 7 is reduced, favoring cellular proliferation and migration and, in cases of cancer, invasion and metastasis 47 . www.nature.com/scientificreports www.nature.com/scientificreports/ Cell repopulation involves the fine control of cell positioning and adhesion in tissue; an imbalance in these processes are often observed in tumors 48, 49 . In our transcriptomic analysis, the significant increase of Eph receptor B3 (EphB3), in conjunction with cadherin 2 (CDH2), suggests tissue regeneration, positional control, and cell adhesion in the ES. EphB3 is often expressed in the intestinal epithelium and functions as an important agent in cell repositioning during tissue regeneration 48 . This can positively regulate the expression of cadherins such as CDH2, thus increasing cell adhesion 48 . However, an increase of EphB3 expression in tissues that do not normally express this gene, such as the lung, appears to promote oncogenic transformation and tumor development 48 .
Any process involving tissue remodeling and proliferation can be downregulated by protein phosphatases (PTPs), including protein tyrosine phosphatase, receptor type R (PTPRR). PTPRR can inhibit the IGF1R or Eph pathways by increasing its degradation 50 . In the RYGB-ES, the observed significant reduction in PTPRR expression suggests less degradation of both molecules, thus prolonging the proliferation signaling triggered by these receptors. Clinical and experimental studies have recognized that the epigenetic silencing of PTPRR is an early event in colorectal tumorigenesis 50 .
Epigenetic events control gene expression and play an important role in carcinogenesis. Epigenetic silencing (mainly of tumor suppressor genes), a result of DNA methylation and histone deacetylation, is the most frequent epigenetic event observed in tumors. However, in our transcriptomic and metabolomic analysis, the increase in N-acetyl-lysine (metabolite from histone acetylation; Table 3 ), along with positive regulation of the histone acetylation pathway, observed by DAVID analysis (Table 6) , suggests an active gene transcripton process in ES-cells and not a global mechanism of gene silencing or DNA methylation. Interestingly both events may be related to carcinogenesis since epigenetic events are transient. A previous experimental study, using breast cells cultured with chemical carcinogens, demonstrated that during malignant transformation, the silencing or increase in gene expression depended on the dose and time of exposure to the carcinogens. In addition, when the chemical carcinogen was removed from the culture medium, the gene transcription process was regulated in a manner similar to the control cells 51 . This means that highly proliferative environments exposed to toxic agents are susceptible to both epigenetic events and may subsequently facilitate genetic mutations if the stressful stimulus is not controlled or removed 51 . In the ES-microenvironment, the immunological tolerance acquired with the continuation of stress (reflux), suggested by our molecular data, could favor genetic instability and impair the elimination of mutated cells. In the long term, the metabolic and genetic changes promoted by postoperative reflux may result in irreversible mutations and make the ES a fertile environment for cancer development. In our transcriptomic analysis, we observed a non-significant decrease in the expression of the mutL homolog 1 (MLH1) gene early after RYGB. This gene encodes a protein that detects and repairs DNA damage during cell proliferation 52 . It is possible that in the long-term, the downregulation of MLH1 becomes significant and results in the accumulation of DNA mutations with increased risk for cancer development.
For clinical cancer development, genetic mutations must contribute to and maintain clonal expansion. This includes, but is not limited to: (i) proliferative advantages, and (ii) disorders in cell cycle control and DNA repair, or even the absence of restrictive proliferation signals. When present, these changes are considered shortcuts to the development of cancer. However, for complete malignant transformation, a third component, which binds (i) and (ii) appears to be mandatory: the metabolic reprogramming of cells, including their microenvironment 53 .
Activation of the mammalian target of rapamycin (mTOR) protein complex is common in inflammatory processes, immune tolerance, and cancer, and is considered to lin these processes together 54 . mTOR regulates the expression of genes and signaling pathways involved in cell metabolism, in an attempt to prevent the interruption of immune and proliferative functions owing to a lack of energy and oxygen. In order to maintain energy delivery, mTOR enhances pathways involved in rapid ATP synthesis (via the Warburg effect), while stimulating mitochondrial biogenesis via the expression of PPARGC1A. The end products of glycolysis are shared between www.nature.com/scientificreports www.nature.com/scientificreports/ resident cells by the monocarboxylate transporter 2 (MCT2), a transporter encoded by the solute carrier family 16-member 7 (SLC16A7) gene to avoid interruptions in metabolic flow. mTOR also increases the synthesis of cholesterol and fatty acids, at the expense of decreased beta-oxidation, mainly to synthesize membranes and their lipid rafts. These membrane microdomains harbor and activate proliferative (IGF-1R and GPC-3) and immunological (TGR5) signaling receptors, as well as the concentrated production of phosphatidic acid. mTOR is especially activated by the unsaturated chains of phosphatidic acid 21, 54 . Our data showed compatible changes of these genes and metabolites, suggesting that ES fluid after RYGB activates mTOR for the maintenance of local inflammatory, tolerant, and proliferative conditions Taken together, genetic and metabolic alterations observed in the RYGB-ES were similar to those occurring in carcinogenesis, although it is unlikely that these arose from gene mutations, considering the short analysis period after surgery (3 months). Nevertheless, the hostile environment of the ES highlighted by our data (with absence of food along with biliary reflux rich in intestinal content, decreased mucins, increased pH, excessive microorganism growth and increased ROS production) may enhance inflammation and activate immunological tolerance in the long-term, thus hindering the elimination of mutated cells.
It is possible that the diagnosis of cancer in patients undergoing RYGB-ES has been underestimated, as endoscopic access to this anatomical portion in the postoperative period is difficult 2, [4] [5] [6] 9 . This clinical challenge represents the most relevant scientific limitation of our study: data relating to postoperative histological, metabolomics, and mainly transcriptomics were obtained from ≤50% of the total number of patients recruited. This also prevented us from obtaining an adequate amount of ES-tissue with which to assess functional and mechanistic data related to gene expression, which was based solely at the transcriptional level. However, gene expression can be influenced by environmental factors and our metabolomic analysis identified significant alterations in the ES environment. Furthermore, the observed set of DEGs shared common biological pathways, in which activation/ inhibition was consistent with the identified environmental changes. Another limitation of our study was the fact that our analyses only involved obese women. This, however, ensured that we had a more homogeneous sample, as gender may have influenced gene expression. In addition, most bariatric patients in our institution are women.
The development and application of alternative methods for cancer screening in the RYGB-ES, such as medical imaging, should be strongly encouraged. Alternatively, surgeons should be invited to reflect on the relevance of conserving the excluded stomach as part of the RYGB technique. Our molecular data supports the need for some action in these directions, by highlighting the fact that RYGB can generate a pre-malignant environment in ES early after the procedure. Some of our findings are very relevant at this point, such as the local presence of 5-ciprinol sulphate, a toxic bile alcohol present in the adult phase only under specific dysfunctional conditions, such as inflammation and carcinogenesis in the liver 55 . Because carcinogenesis is usually a long-term process, it may be possible that reports relating to RYGB-ES cancer will increase over time. It is probable that surgery does not behave as a pre-neoplasm lesion for gastric cancer but rather exposes the ES-RYGB to a detrimental environment with a potential risk for cancer development.
